It is evident that the cytochemical reaction can be applied to extend further our knowledge of comparative hematology, because the conventional azure-eosin staining demonstrates only a simple morphological characteristic of blood cells.
There have been numerous studies on cytochemical reactions of animal blood cells such as oxidase reaction"', peroxidase reaction"), 21 . 25' 27, 33 phosphatase reactionit 17, 24. 41) , or periodic acid S chif freaction37,41). In 1934, Hama z a k I" devised a special cytochemical reaction for the ketoenolic substance which corresponds to depolymerized desoxyribonucleic acid in cells. By means of this method many histological studies have been made on various organs of human and animal subjects. However, there are only a few investigations of blood cells using the reactions of the ketoenolic substance especially in the field of comparative hematology. It is known that human eosinophil leukocyte q indicate positive ketoenolic reaction while other leukocytes do not indicate at • all. Regarding animal blood cells, however, there is no systematic study of -this reaction.
It is the purpose of this paper to find the distribution of the ketoenolic positive eosinophil leukocytes in man and animals; further, to compare the ketoenolic reactions in other blood cells and tissues of the same body. For this comparison, the tissue of the eyeball was mainly used, which demonstrates an intense ketoenolic reaction in general. Finally, the presence or absence of the scleral cartilage in animal eyes was particularly examined in order to see the anatomical relationship between the orbits and the palate. Kiyoshi Endo
Materials and methods
The data in this study were obtained from the following animals; case number of each is shown in parenthesis.
1. Mammals : Monkey (Macacus fuscatus) (3) Cattle (5) Horse (5) Pig ( Besides these, 20 cases of human peripheral blood smears were used for comparison with the animal blood, which was taken mainly from the subcutaneous veins.
The eyeballs of animals were extracted and fixed as described below, and embedded in paraffin. On the other hand, the whole heads of animals were fixed as described below, and decalcified either in 3 per cent nitric acid or in 3 per cent trichloracetic acid, and then embedded -in celloidin .
All the specimens including smear preparations were fixed for two days in the mixture of 103.5 cc. Mueller 's fluid and 6 cc. glacial acetic acid. After washing in water sufficiently, they were stained with the following ketoenolic reagent after Ha ma z a k 1) Stain for 1 hour with the carbol-fuchsin solution (parafuchsin 0.5 g., pure ethanol 5 cc., 3% phenol 95 cc., filtrated). 2) Wash in water for 5 minutes.
3) Immerse in 1 % HCI for 10 minutes. 4) Wash in water for 3 minutes. 5) Immerse in Lugol solution for 30 minutes. 6) Treat in 1 % sodium thiosulphate solution for 5 minutes. 7) Wash in water for a few seconds. 8) Immerse in 3 % HCI for 15 minutes. 9) Wash in water sufficiently, dry and examine. No counterstaining was employed. Differential staining with baryta water for the ketoenolic substance and ketoenolic lipid is as follows
The deparaffinized or celloidin sections of tissues were immersed in 0.2 to 0.3 % aquecus solution of barium hydroxide (baryta water) for 15 hours at 10-15°C, next washed in water sufficiently, and then stained with the ketoenolic reagent as already described. By this differential staining, the ketoenolic lipid intensely stains, while the ketoenolic substance hardly stains in general.
The baryta water is regarded as an adequate solvent for the ketoenolic substance.
The tissues of the eyeball were also stained with hematoxylineosin solution for comparison with histological findings with the ketoenolic reaction.
All of the animal subjects used in these investigations , were approximately full-grown, and retinas examined were all light-adapted.
Results obtained
I. Blood cells.
The ketoenolic reaction has scarcely been used for blood cell staining as compared with the conventional azure-eosin stain or some other cytochemical reactions. Because there are only a few blood cells which indicate positive ketoenolic reaction. For instance, neutrophil leukocyte, pseudoeosinophil leukocyte, monocyte and lymphocyte of any animals examined, did not indicate this reaction. Only the eosinophil leukocytes and the basophil leukocytes of some animal species stain with the ketoenolic reagent in various degrees. The detailed results are demonstrated in Table 1 . The reaction positive substance stains purple or reddish purple in general.
In eosinophil leukocytes, the ketoenolic reaction occurs in the eosinophil granules and not in the intergranular spaces; this finding is particularly clear in the anuran amphibians where only the coarse large granules are stained reddish purple.
On the other hand, in basophil leukocytes of the amphibia, the reaction positive substance is seen in both the granules and intergranular spaces though the reaction is remarkably weak as compared with that of the eosinophils. The reaction of the basophil granules is generally more intense than that of the intergranular spaces.
With regard to the differential staining with baryta water, no special change of the ketoenolic reaction could be found either in the eosinophil leukocytes of man, monkey, Bufo vulgaris, Rana nigromaculata and Rana japonica, or in the basophil leukocytes of Bufo vulgaris, Rana nigromaculata and newt. In other words, the ketoenolic reaction positive substance in these leukocytes is not genuine ketoenolic substance but the ketoenolic lipids after Hama z a k P2). As already descibed, the genuine ketoenolic substance is depolymerized nucleic acid and faintly stains or doesn't stain at all with the ketoenolic reagent after exposure to baryta water.
Furthermore, the resistance of the ketoenolic reacting substance in human eosinophil granules to physical and chemical action was tested. Unlike enzyme reactions such as peroxidase reaction, the ketoenolic reaction of these granules was not inhibited by any of the following exposures:
1) Methanol, at room temperature, 6 hours. The results of the reaction in various layers of the retina are demonstrated in Tables  2 and 3 . These are based on the specimens embedded in paraffin, or in celloidin after decalcification of the surrounding bones. Table 2 . The ketoenolic reaction intensities of animal retina.. * (intense), -1-1-(medium) , + (weak), ± (extremely weak), -(negative) layers of retina: 1=the layer of rods and cones (bacillary layer) 2= the outer nuclear layer 3=the outer plexiform layer 4 = the inner nuclear layer 5 = the inner plexiform layer 6=the layer of ganglion cells 7 = the layer of optic nerve fibers
As shown in Table 2 , the strongest reaction is indicated in the layer of rods and cones, the next strongest is in the inner plexiform layer, and the weakest or negative reaction is in the inner nuclear layer as well as in the layer of ganglion cells.
Generally speaking, the reaction of the layers without nuclei, namely the layers of processes of Reaction of Leukocytes 433 the retinal cells, is more intense than that of the layers containing nuclei.
If the reaction is weak, the positive substance appears in diffusely light purple, while if it is strong, the substance appears in a pattern of granules. There are of course many cases where both the reaction positive granules and diffusely stained substance are mixed in the same cells or layers. Table 3 . The ketoenolic reaction intensities of the layer of rods and cones.
-HI (intense) , 41-(medium), + (weak), ± (extremely weak), -(negative)
Regarding the layer of rods and cones, there are three different cases of the ketoenolic reaction as demonstrated in Table 3 . In the first case, both the inner and outer segments are reaction positive, for instance, in Bufo vulgaris, Rana nigromaculata, Rana japonica and striped snake. In the second case, the outer segment as well as the portion of the fiber apparatus (ellipsoid) of the inner segment are reaction positive, for instance, in mouse, domestic fowl, Padda oryzivora, carp and Oryzias latipes; it is shown in this case that the portion of the inner segment adjacent to the outer limiting membrane, that is to say, the portion of both the myoid and paraboloid, is reaction negative .
Finally, in the third case, only the outer segment indicates a positive reaction, for instance, in monkey, tortoise, Tachydromus tachydromoides and newt. In general, the reaction of the outer segment is more intense than that of the inner segment except in striped snake. Again it can be said that, if the reaction of the layer of rods and cones is weak, the reactions in the other layers of the retina are generally negative or weak.
Referring to the difference of these reaction intensities in animal retinas, it was made clear that the retina of the anuran amphibians such as toad (Bufo vulgaris) and frog (Rana nigromaculata) indicated the most intense reaction among all the animals examined.
As already described, one of the eyeballs of each animal was embedded in paraffin and the other was in celloidin after decalcification of the surrounding bone. The tissue sections of these two, however, indicated no remarkable difference in the reaction positive sites of the retinal layers as well as in a pattern of-the reaction positive granules or substance.
As far as the influence of decalcification upon the ketoenolic reaction is concerned, there was no difference between nitric acid and trichloracetic acid, in other word, both acids did not inhibit the ketoenolic reaction.
III. Other tissues.
It is of special interest that the nucleus of the lens of carp's eyeball indicated very clear ketoenolic reaction and stained dark brown or green (Fig. 6 ). This nucleus, however, hardly stained with hematoxylin-eosin stain (Fig. 5) . Such a reaction of the lens could not be found in any other animal.
The reactions of the choroid and sclera were generally negative. Again, in the region of the sclera, so-called sclera' cartilage could be recognized in certain submammalian groups (Fig. 8) . The presence of this cartilage as well as the results of the ketoenolic reaction of this cartilage are summarized in Table 4 . As shown in this Table, the reaction of the scleral cartilage is either weakly positive or negative. If positive, the cell body or the ground substance of the cartilage may be stained diffusely faint purple. Therefore, the reaction positive substance in this cartilage is not ketoenolic granules, but ketoenolic substance after Hamazak i12Y. The reaction of the pigmented layer was not examined here, because it was frequently difficult to distinguish the basal cytoplasm of this layer due to pigments in the light-adapted eye.
On the other hand, the ketoenolic reaction was tested on the epithelium of the hard palate in some animals. In monkey and mouse, the cornified epithelial layer indicated an intensely positive reaction, while the stratum germinativum indicated an entirely negative one. But the whole layer of the palatal epithelium of tortoise, striped snake, Bufo vulgaris, Rana nigromaculata, Rana japonica, newt and carp, whether ciliated or not, indicated positive reaction where the cytoplasm as well as nuclei were diffusely stained in general (Fig. 7) . However, it must be noticed here that the peripheral portion of specimens may frequently demonstrate pseudo-ketoenolic reaction as already described by Hama z a k i.12). In general, the palatal epithelium was located at the peripheral portion of the specimens of the heads examined here. 1V. The ketoenolic reaction after treatment with baryta water. As mentioned above, the real ketoenolic reactive substance should be dissolved by baryta water (0.2 -0.3 % Ba(OH)2). Therefore, if the ketoenolic reaction of a certain tissue does not disappear by baryta water, the reacting substance is not the ketoenolic substance, but the ketoenolic lipids after Ham a z a k He stated, however, that the ketoenolic lipids are absolutely necessary for the ketoenolic substance (depolymerized nucleic acid) in order to be fixed in a pattern of granules. Furthermore he stated that, if the ketoenolic substance contains too much ketoenolic lipids, the reaction is not influenced by baryta water any more.
The results of this experiment of animal retina with baryta water are shown in Table 5 . That the ketoenolic reaction of the Tetina is generally resistant to baryta water, is distinctly shown in this Table. Again, the ketoenolic reaction of the palatal epithelium of monkey, mouse, tortoise, striped snake, Bufo vulgaris, Rana nigromaculata, Rana japonica and newt, was not inhibited with baryta water. As already described, the same experimental results could be obtained in eosinophil leukocytes as well as basophil leukocytes in some animals, too. 
Discussion
The studies of Mitsui and his collaborators (1954) (1955) (1956) (1957) ) have yielded an evidence that the cytochemical reactions are exceedingly valuable for comparative hematology as compared with conventional azure-eosin staining. In these studies, it was made clear that 1) the periodic acid S c h i f f reaction of neutrophil leukocyte appears in animals from mammals through to urodeles37), 2) the alkaline phosphatase reaction of neutrophil leukocyte lacks in dog, mouse and in submammalian groupm, 3) the peroxidase reaction of neutrophil leukocytes lacks in birds22. 23. 27) , and that 4) the peroxidase reaction of eosinophil leukocyte lacks not only in urodeles and fishes, but also in higher animals such as cat, lion, Trigonocephalus (viper) and Trimeresurus (noxious snake)21. 22 ' 24 ) .
In other words these histochemical methods can frequently reveal characteristic findings in comparative hematology which are not recognized with the Rom anow s k y staining alone, On the other hand, the knowledge of the ketoenolic reaction of blood cells has been scanty8,12), and the reaction has been believed to occur only in human eosinophil leukocytes, and not in any other animals. However, it was revealed here that there are some more leukocytes which can be stained with this reaction in various degrees. Eosinophil leukocytes of monkey and anurans are best examples of them. In these cases, the staining occurs only within the granules, and not in the intergranular spaces or in the nucleus. Moreover, the amphibian basophil leukocytes are also reaction positive, where the granules are more intensely reactive than the intergranular spaces. From the standpoint of comparatiye hematology, it is worthy of note that the ketoenolic reaction has something to do with anuran leukocytes. Namely, the granules of these leukocytes contain particularly much ketoenolic lipids which are related to the depolymerized nucleic acid. However it is quite unknown why only man, monkey and anurans possess the ketoenolic reaction positive leukocytes in their peripheral blood. As far as the cytochemical reaction of blood cells is concerned, we can not find any other reaction that runs parallel with this ketoenolic reaction.
In almost all animals, the retina indicates an intense ketoenolic reaction as compared with other tissues of the body. Then a problem arises here whether there is a certain relationship between ketoenolic reaction of eosinophil leukocytes and that of retinas in the same animal.
In Table 6 , animals are divided into two groups: first, a group with reaction positive eosinophil leukocyte; and second, a group with reaction negative one. As shown in this Table there is no remarkable parallelism between reaction intensity of eosinophil leukocytes and that of retinal layers. However, it is of interest that all the anurans examined here, such as Bufo vulgaris, Rana nigromaculata and Rana japonica possess reaction positive eosinophil leukocytes as well as retinas whose reaction are particularly strong as demonstrated in Tables 2 and 3 . Table 6 . Relationship between ketoenolic reaction of eosinophil leukocytes and that of retina in the same animals. * (intense), --H-(medium), + (weak), ± (extremely weak), -(negative)
There have been numerous histochemical studies of retinas in man and animals.
These studies are chiefly concerned with oxidase". 38.
peroxidase, 39', phosphatase", 20', cholinesterase", glycogen-phosphorylasez5), succinic dehydrogenase" 2', diphosphopyridine nucleotide", aldolase45), lipase', glycogens'. 43. "), choline-like substance, phosphates', ribonucleic acid, proteins", lipids, plasmalogen, vitamins" and ketoenolic substancem. 32' 40. 42). The ketoenolic substance was first demonstrated in the normal tissue by Ha m a z a k i in 1934, and then the histochemical research of this substance has been published since 1938.g) According to Ha m a z a k Ps', when tissues are fixed with the chromate-mixture, the desoxypentose of nucleic acid is oxidized into ketone, and then changed into enol, the OH of which reacts with fuchsin and iodine to produce a new kind of acidproof dye that is violet in color. The F e u 1 g en reaction proves negative to ketoenolic substances.
Again, the ketoenolic substance is a material that is chiefly made up of desoxyribose nucleotides which combine with certain lipids. As previously mentioned, ketoenolic substances in tissues are removed with baryta water while ketoenolic lipids are not. Although this mechanism is still unknown, the lipids are believed to be necessary to keep the ketoenolic substance in a pattern of granules in cells. The significance of the ketoenolic substance in the living organism seems to be similar to that of folic acid, and the ketoenolic substance is believed to be able to carry molecular oxygen into tissues. Again, this substance is very sensitive to Roentgen rays and is entirely inactivated by these raysw).
It was made clear also that, when any chronic disturbance of metabolism of this substance occurs, wear and tear pigments are formed in tissues").
It was revealed by the present study that the human and animal retinas, especially their photoreceptor cells as well as inner and outer plexiform layers, are rich in ketoenolic lipids. There is no doubt that the photoreceptor cells are the parts most sensitive to light, and the plexiform layers are the most important synaptic region containing much cholinesterase".
However, it is not clear at present whether there is any biochemical relationship between ketoenolic lipids and conduction of light stimuli in the retina.
Although H a m a z a k P2' described that the ketoenolic lipids are different in the biological function from ordinary lipids, the histochemical distribution of the ketoenolic lipids in the photoreceptor cells Table 7 . Histochemical reactions of photoreceptor cells and pigmented epithelium in vertebrate retinas (S id man and Wislock i, 1954).
-11-1-(strong) , -I-I-(moderate), + (weak), -(negative)
is almost the same as that of ordinary lipids as demonstrated in Table  7 of Sidman and Wislock i. They stated that the paraboloids, whenever present, contain glycogen and nothing else, that ribonucleic acid occurs exclusively in the myoids, and that the chemical components of the outer segments and ellipsoids are similar, whereas the myoids react quite differently. Furthermore they emphasized that the outer segments and ellipsoid are the only places that indicate sudanophilia, which generally corresponds to the present result in Table 3 .
Again, it was revealed here that the scleral cartilage may frequently contain ketoenolic substance, but not ketoenolic granule. That the mature cartilage doesn't contain any ketoenolic granule, has already been reported by Nis hi y am a28).
Conclusion
The main object of this work is to observe ketoenolic reactions of leukocytes and retinas in human and animal subjects. These comparative studies were made on 30 different species of vertebrates from mammals to fishes, 142 cases in all. The ketoenolic reaction was devised in 1934 by Hama z a k i who used it for cytochemical staining of depolymerized nucleic acid.
By employing simple blood smear as well as thin sections of retina and other tissues for ketoenolic reaction, some characteristic findings in the field of comparative anatomy have been obtained. 1) Ketoenolic reaction positive eosinophil leukocytes were present in the circulating blood of man, monkey and of anurans such as frogs and toads, while entirely lacking in any other animals.
As far as the blood cells are concerned, the histochemical reaction that runs parallel with this ketoenolic reaction could not be found. Although the significance of this reaction is still uncertain, it is now evident that, as far as the reaction of leukocytes is concerned, there are profound gaps in the phylogenetical relationships, and that anurans occupy a peculiar situation among submammalian groups.
2) Only the amphibian basophil leukocytes indicated ketoenolic reaction though much more weakly than the eosinophil leukocytes in general.
3) The ketoenolic reaction appeared in retinas of all kinds of animals from mammals to fishes. The strongest reaction was found in the layer of rods and cones, the next strongest was in the inner plexiform layer. In the layer of rods and cones, the outer segment always indicated the strongest reaction, while the inner segment, especially the portion of myoid, often indicated an entirely negative reaction.
4) There were wide variations in reaction intensities of the retina among animals; the strongest group was Bufo vulgaris and Rana nigromaculata, the weakest group was monkey, tortoise and Takydromus tachydromoides.
5) In general, there was no close relationship between ketoenolic reaction intensity of eosinophil leukocytes and that of retinal layers in _ the same animal body. However, it is of interest that the parallelism between these two intensities was found only in anurans. 6) All the ketoenolic reactions of leukocytes as well as retinas examined here, were resistant to baryta water. Therefore, the reacting substance in them is thought to be mainly ketoenolic lipids which are different in biological function from ordinary lipids.
7) The usefulness of the ketoenolic reaction as a histochemical staining of blood cells has been pointed out, and the significance of the ketoenolic reaction in the retinal layers has been briefly discussed. Positive reaction can be seen in IP (inner plexiform layer), and in RC (layer of rods and cones). P (pigmented epithelium). ca 100 x. Fig. 4 . Enlarged photograph of Fig. 3 . Reaction occurs strongly in RC (layer of rods and cones), weakly in OP (outer plexiform layer). In the layer of rods and cones (RC), the portion adjacent to the outer limiting membrane (OL), indicatesnegative reaction. ON (outer nuclear layer). P (pigmented epithelium). ca 450 x. EP (epithelial layer) stains intensely. CN (connective tissue). ca 100X. Fig. 8 . Eyeball of Rana nigromaculata, decalcified specimen, indicating scleral cartilage. Hematoxylin-eosin stain. L (lens), R (retina), X (choroid and pigmented epithelium), M (ocular muscle), S (scleral cartilage). ca 50 x. Note: For photomicrographs of the leukocytic ketoenolic reaction readers are referred to "A contribution to the study of the comparative hematology" by M i t s u T. et al. in Folia anatomica japonica, Vol. 28, Nos. 1-6, p45-58, 1956. itg.r 
